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Abstract The effects of 120 methanol extracts prepared 
from bark and heartwood of 69 types of Japanese wood on 
the melanin production of B16 melanoma cells were exam¬ 
ined. The melanin content of B16 melanoma cells was de¬ 
termined spectrophotometrically at 405 nm. The extracts 
were also examined for their effects on cell viability. We 
found that the methanol extracts of Fagus crenata (buna, 
wood, 100/ig/ml), Sapium sebiferum (Nankinhaze, wood, 
bark, 10/ig/ml), and Zelkova serrata (keyaki, wood, 10/ig/ 
ml) greatly inhibited the melanin production of B16 
melanoma cells without significant cytotoxicity. However, 
these extracts did not inhibit tyrosinase activity at the con¬ 
centration of 100/ig/ml. These findings indicate that the 
depigmenting mechanism of these extracts involves the sup¬ 
pression of some pigmenting signals in stimulating melano- 
genesis rather than the inhibition of tyrosinase activity. 

Key words Melanin biosynthesis inhibitor • Fagus crenata • 
Sapium sebiferum • Zelkova serrata • Tyrosinase 


Introduction 

The products and chemical intermediates derived from 
natural products are from renewable resources, for ex¬ 
ample, woody plants. The significance of these compounds, 
however, does not stop here, for they also have a consider¬ 
able effect on the utilization of wood. The odor, color, 
and decay resistance of wood are functions of the extrac- 
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fives. It is worth noting that almost half of all prescription 
drugs contain substances of natural origin. Even aspirin was 
first derived in part from willow bark. The investigation 
of bioactive natural products has, in recent years, assumed 
a greater sense of urgency in response to the expanding 
human population and its subsequent demands for 
food, good health, and increasing areas of land on which to 
live. 

Within the realm of human health, cutaneous hyperpig¬ 
mentation, including freckles, skin stains, and senile lentigi- 
nes, is a common pigmentary disorder in humans, which 
becomes more prominent with aging, especially in Asians. 
We have focused on the possibility of using natural 
resources as whitening agents for cosmetic products. An 
intensive search for a naturally occurring substance that 
would inhibit melanin pigmentation has been performed. 1 
Up to now, most research on the regulation of melano- 
genesis has focused on the factors affecting tyrosinase, 
which catalyzes the rate-limiting step of the melanin biosyn¬ 
thesis pathway, specifically, the conversion of L-tyrosine to 
L-3,4-dihydroxyphenylalanine (l-DOPA) and subsequently 
to DOPA quinone. Kojic acid 2 and arbutin 3 are known 
as tyrosinase inhibitors and are used as skin-whitening 
cosmetics. Also, hydroquinone-related compounds have 
been used as effective depigmentation agents for skin over 
pigmentation, but they are strong irritants and exhibit cell 
toxicity. 4 

Recently, it has been reported that some growth factors 
or cytokines such as basic fibroblast growth factor (bFGF), 5 
endothelin-1 (ET-1), 6 and o'-melanocyte stimulating 
hormone (a-MSH) 7 are secreted from ultraviolet (UV)- 
irradiated keratinocytes or melanocytes and stimulate the 
proliferation or melanogenesis of human melanocytes. We 
concluded that we should examine the melanin biosynthesis 
effect using cultured cells to develop new whitening agents. 
Also, a mouse melanoma cell line, B16, which produces 
melanin pigments, has been used extensively for evaluating 
melanin biosynthesis inhibitors. 8 In the present study, we 
have examined the inhibitory effect of 120 extracts pre¬ 
pared from 69 Japanese woods on melanin formation and 
proliferation of B16 melanoma cells. 
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Materials and methods 

Reagents 

The chemicals used were l-DOPA, ethylenediamine- 
teraacetic acid (EDTA), dimethylsulf oxide (DMSO), 
TritonX-100, (Wako, Osaka, Japan); mushroom tyrosinase, 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2//-tetrazolium 
bromide (MTT) (Sigma, St. Louis, MO, USA); teophylline, 
(Sigma-Aldrich Chemle, Steinhein, Germany); kojic acid, 
arbutin, (Tokyo Kasei Kogyo, Tokyo, Japan); fetal bovine 
serum (FBS) (Invitrogen, Carlsbad, CA, USA); Eagle’s 
minimal essential media (EMEM) (Nissui, Tokyo, Japan); 
and trypsin (Invitrogen, Tokyo, Japan). 


Plant materials 

Sixty-nine woody species were collected from Kyushu Uni¬ 
versity Forests in Fukuoka and separated into heartwood 
and bark. All voucher specimens are preserved at the 
herbarium of the Department of Forest Products, Kyushu 
University, in Japan. The milled heartwoods or barks (each 
10 g) were extracted with methanol (3 x 100 ml) at room 
temperature for 24 h and the combined extracts were con¬ 
centrated to dryness. These extracts were dissolved in 
DMSO for melanin biosynthesis inhibitory tests. 

Cell culture 

A mouse melanoma cell line, B16, was obtained from the 
RIKEN Cell Bank. The cell was maintained in EMEM 
supplemented with 10% (v/v) FBS and 0.09 mg/ml 

theophyrine. Cells were incubated at 37°C in a humidified 
atmosphere of 5 % C0 2 . 

Inhibitory effect on melanogenesis using cultured B 16 
melanoma cell 

Confluent cultures of B16 melanoma cells were rinsed in 
phosphate-buffered saline (PBS) and removed from the 
plastic using 0.25% trypsin/EDTA. The cells were placed 
into 24-well plastic culture plates at a density of 1 x 10 5 cells/ 
well and incubated for 24 h in media prior to being treated 
with the samples. After 24 h, the medium was replaced with 
998 jul of fresh medium and 2 ju\ of DMSO was added with or 
without (control) the test sample at various concentrations. 
The cells were incubated for an additional 48 h, and then the 
medium was replaced with fresh medium containing each 
sample. After 24 h, the remaining adherent cells were 
assayed (see below). Thus, the cells were continuously 
exposed to the test samples for 3 days. 

Determination of melanin content 

The melanin content (MC) of cells after treatment was 
determined as follows. After removing the medium and 


washing cells with PBS, the cell pellet was dissolved in 
1.0 ml of 1 N NaOH. The crude cell extracts were assayed 
using a micro plate reader (Bio-Tek, USA) at 405 nm to 
determine melanin content. Results from samples were ana¬ 
lyzed as percent of control culture. 9 Kojic acid (500/ig/ml) 
and arbutin (100 mg/ml) were used as a positive standard. 3 

Cell viability 

Cell viability (CV) was determined by use of the microcul¬ 
ture tetrazolium technique (MTT). The MTT assay pro¬ 
vides a quantitative measure of the number of viable cells 
by determining the amount of formazan crystals produced 
by metabolic activity in treated cells versus control cells. 3 
Culture was initiated in 24-well plates at 1 x 10 5 cells per 
well. After incubation, 50/il of MTT reagent [3-(4,5- 
dimethyl-2-thiazolyl) -2,5 -diphenyl-2//-tetrazolium bro¬ 

mide in PBS (5 mg/ml)] was added to each well. The plates 
were incubated in a humidified atmosphere of 5 % of C0 2 at 
37°C for 4h. After removing the medium, formazan crystals 
were dissolved in 1.0 ml of 0.04 N HC1, and the absorbance 
was measured at 570 nm relative to 630 nm. 

Tyrosinase assay using mushroom tyrosinase 

Although mushroom tyrosinase differs somewhat from 
other sources, this fungal source was used for the present 
experiment because of its ready availability. It should be 
noted that the commercial tyrosinase was reported to con¬ 
tain numerous proteins in addition to tyrosinase, 10 but was 
used without purification. The temperature was controlled 
at 25°C using an Ecoline E100 circulating bath (Lauda, 
Germany) with a heater and digital thermometer. The reac¬ 
tion was started by adding the enzyme. Although tyrosinase 
catalyzes a reaction between two substrates, a phenolic 
compound and oxygen, the assay was carried out in air- 
saturated solution. Kojic acid was used as a positive 
control. The sample was first dissolved in DMSO and used 
for the actual experiment at 30-fold dilution. Controls 
(without inhibitor) containing DMSO at that concentration 
were routinely prepared. The assay was performed as previ¬ 
ously described. 8 First, 333 ju\ of 2.5 mM l-DOPA solution 
was mixed with 600 ju\ of 0.1 M phosphate buffer 
(Na 2 HP0 4 12H 2 0, NaH 2 P0 4 *2H 2 0) (pH 6.5) and incubated 
at 25°C. Then 33 jul of the aqueous solution of mushroom 
tyrosinase (1380 U/ml) was added to the mixture, and we 
immediately measured the initial rate of linear increase in 
optical density at 475 nm on the basis of dopachrome forma¬ 
tion, using aV530 spectrophotometer (Jasco, Japan). The 
activity was calculated with the following equation: 

Tyrosinase activity (%) = (4A testsample /zlA control ) x 100 

Tyrosinase assay using cell extracts from B16 melanoma 

B16 melanoma cells were seeded at 2 x 10 5 cells/ml, in 24- 
well flat-bottom plate (Falcon) overnight for attachment. 
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To prepare a solubilized tyrosinase extract for enzyme ac¬ 
tivity, 398 /il of 50 mM phosphate buffer (pH 6.8) containing 
1% Triton X-100 was added and cell pellets were sonicated 
to solubilize the cell. Afrer 10min, 20% l-DOPA solution 
and 2 /il of sample solution were added and cells were incu¬ 
bated at 37°C for 3h. After this time, the absorbance at 
405 nm was measured to determine melanin content. 


Results and discussion 

We examined the effect of 120 methanol extracts prepared 
from several parts of 69 woody species collected from the 
Kyushu University Forests in Fukuoka on melanin biosyn¬ 
thesis (Table 1, Fig. 1). The meal of heartwood and bark of 
Japanese trees were extracted with methanol at room 
temperature. Each of the methanol extracts was examined 
for any melanin biosynthesis inhibitory effect at various 
concentrations. 

After treatment of B16 melanoma cells with various 
samples for 3 days, cells were harvested and two different 
parameters of cellular function were measured by 
microassay, namely the effects on viability and on melanin 
content. An important concept when selecting bioactive 
extracts that modulate skin pigmentation is that, for obvi¬ 
ous reasons, they should have minimal effects on cell prolif¬ 
eration and/or survival. In these experiments, effects on cell 
proliferation were assessed using the MTT assay, and ef¬ 
fects on melanin content were measured by absorbance at 
405nm (Table 1, Fig. 1). To find a possible candidate for a 
whitening agent, we established a standard for desirable 
extracts that they should inhibit melanin content by more 
than 65% and proliferation by less than 15% at the specific 
concentration. 

To pick out more desirable ingredients, more specifically 
a safe and effective whitening agent, extracts that showed 
the percentage of melanin content is 20% or more lower 
than that of cell viability (e.g. CV - MC ^ 20, were judged 



Fig. 1 . Effects of woods extracts on melanin content and cell viability 
of B16 melanoma cells 


as possible active ingredients, and classified as type A. At 
first, each of the methanol extracts was examined at a con¬ 
centration of 100/ig/ml. Extracts were considered as pos¬ 
sible candidates based on their effects on B16 melanoma 
cells (Table 1). These were: Acer buergerianum (wood), 
Acerpalmatum (wood, bark), Ilex crenata (wood, bark), Ilex 
pedunculosa (bark), Ilex rotunda (bark), Dendropanax 
trifidus (wood), Kalopanax septemlobus (wood), Viburnum 
odoratissimum (wood), Picrasma quassioides (wood), 
Cornus brachypoda (wood), Elaeocarpus japonicus (bark), 
Lyonia ovalifolia var. elliptica (wood), Aleurites cordana 
(wood, bark), Castnea crenata (bark), Fagus crenata 
(wood), Lithocarpus edulis (wood), Quercus acutissima 
(wood), Quercus myrsiniefolia (wood), Idesia poly carp a 
(bark), Ginkgo biloba (wood, bark), Cinnamomum 
camphor a (bark), Machilus japonica (bark), Machilus 
thunbergii (wood), Ficus arecta (bark), Chionanthus retusus 
(bark), Fraxinus griffitbii var. japonica (bark), Fraxinus 
mandshurica (wood), Figustrum japonicum (wood), 
Osmanthus heterophyllus (wood, bark), Picea jezoensis 
var. bondoensis (wood), Picea jezoensis (wood), Prunus 
jamasakura (bark), Laurocerrasus zippeliana (bark), 
Photinia serrulata (wood, bark), Plotosus lineatus (wood), 
Fury a japonica (wood), Stewartia monadelpha (wood), Tilia 
japonica (wood), Tilia miqueliana (bark), and Zelkova 
serrata (bark). As shown in Table 1, most of the extracts 
failed to match our standard (less than 35% of melanin 
content, more than 85% of cell viability) for judgment as an 
active ingredient at the concentration of 100/ig/ml. Only 
Fagus crenata (buna, wood, MC 29%, CV 86%) surpassed 
our standard. 

Some extracts showed neither cell cytotoxicity nor mela¬ 
nin biosynthesis inhibitory activity at the concentration of 
100/ig/ml. In those cases, it still was possible that the ex¬ 
tracts would have melanin biosynthesis inhibitory activity at 
a concentration higher than 100/ig/ml. Therefore, those ex¬ 
tracts that inhibited the growth of B16 melanoma cells less 
than 30% and inhibited melanin biosynthesis less than 30%, 
classified as type B, were reexamined at a concentration of 
200/ig/ml. Also, some extracts classified as type A at the 
concentration of 100/ig/ml were reexamined. It should be 
noted that some extracts were not reexamined because of 
limited sample availability. Several extracts seemed to 
be possible candidates, based on their effects on B16 
melanoma cells (Table 1) as follows: Ilex crenata (wood), 
Ilex pedunculosa (wood), Quercus myrsiniefolia (wood), 
Quercusphillyraeoides (wood), Chionanthus retusus (wood, 
bark), Fraxinus mandshurica (wood), Figustrum japonicum 
(bark), Osmanthus heterophyllus (wood), Laurocerrasus 
zippeliana (bark), Photinia serrulata (wood, bark), Photinia 
glabra (wood), and Symplocos mytracea (kuroki). How¬ 
ever, there were no extracts that surpassed our established 
standard (less than 35% melanin content, more than 85% 
cell viability) at 200 /ig/ml. 

We also found that some extracts showed cytotoxicity of 
more than 30% versus the control at 100/ig/ml, which pro¬ 
hibited our evaluation of their effects on melanin biosynthe¬ 
sis of B16 melanoma cells. Therefore, extracts that inhibited 
growth of B16 melanoma cells more than 30% versus the 
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control, classified as type C, were reexamined at a concen¬ 
tration of 50/ig/ml. The possible candidates were: Ilex 
cornuta (bark), Dendropanax trifidus (bark), Viburnum 
odoratissimum (bark), Sapium sebiferum (wood), Quercus 
acutissima (bark), Quercus phillyraeoides (bark), Quercus 
variabilis (wood), Actinodaphne laneifolia (wood), Cinna- 
momum camphor a (wood), Ficus erecta (wood, bark), Picea 
jezoensis var. bondoensis (wood), Pseudotsuga menziesii 
(wood), Pinus deni folia (bark), Prunus jamasakura (bark), 
Populus mazimowiczii (wood), Plotosus lineatus (bark), 
Cryptomeria japonica (wood), Celtis jessoensis (wood), and 
Ulmus parvifolia (wood, bark). However, there were no 
extracts that surpassed our established standard (less than 
35% of melanin content, more than 85% of cell viability) at 
50 pg! ml. However, it is noteworthy that the extract of Cryp¬ 
tomeria japonica (wood) inhibited melanin production 
without cytotoxicity at the concentration of 50/ig/ml be¬ 
cause this wood is very common in Japan. 

Next, those extracts that inhibited growth of B16 mela¬ 
noma cells more than 30% versus the control at the concen¬ 
tration of 50/ig/ml were reexamined at a concentration of 
10/ig/ml. The extracts that were considered possible candi¬ 
date are: Cercidiphyllum japonicum (bark), Picrasma 
quassioides (bark), Chamaecyparis obtusa (bark), Sapium 
sebiferum (wood, bark), Castnea crenata (wood), Act¬ 
inodaphne laneifolia (bark), and Zelkova serrata (wood). 
Among them, the extract of Sapium sebiferum (wood and 
bark) and that of Zelkova serrata (wood) surpassed our 
standard at 10/ig/ml (Table 1). 

The methanol extracts of Fagus crenata (wood, 100 pg/ 
ml), Sapium sebiferum (bark and wood, 10/ig/ml), and 
Zelkova serrata (wood, 10/ig/ml) showed the ideal activity, 
that is, potent melanin biosynthesis inhibitory activity and 
less cytotoxicity among 120 tested samples (Fig. 1). In spite 
of the sample crudeness, their activities were stronger than 
those of kojic acid and arbutin, which are known as potent 
melanin biosynthesis inhibitors. The inhibitory effect on 
melanin biosynthesis of kojic acid and arbutin was about 
60% at the concentrations of 500/ig/ml and 100/ig/ml, 
respectively. 

To our knowledge, there is little published about 
the biological activity of the extract of Fagus crenata. 
Chinese tallow tree, Sapium sebiferum , is common in 
Japan as a roadside tree, and its root bark has been used in 
China as a purgative and diuretic. Several compounds, 
such as friedelin, sitosterol, and ellagic acid from the 
leaves, and moretenone, moretenol, and sterols from 
the stem have been reported. 12 It has been reported 
that cadalene (7-hydroxy-3-methoxycadalene) extracted 
from Zelkova serrata has high antimicrobial activity against 
Staphylococcus aureus , Bacillus subtilus , Streptococcus 
faecalis , Escherichia coli , and Pseudomonas aeruginosa , 
and antioxidant activity and chemopreventive activity 
against NNK [4-(methylinitrosamino)-l-(3-pyridyl)-l- 
butanonej-induced lung tumors in A/J mice. 13 In this study, 
we have found a new facet of biological activity of the 
extracts of Fagus crenata, Sapium sebiferum , and Zelkova 
serrata , that of melanin biosynthesis inhibitory activity 

(Fig. 1). 


Next, we tested the effect of the extracts of Fagus 
crenata, Sapium sebiferum , and Zelkova serrata on tyrosi¬ 
nase. Tyrosinase is known to be a key enzyme for melanin 
biosynthesis in mammalian cells. 14 However, these extracts 
did not inhibit tyrosinase activity of mushroom tyrosinase 
or that of the cell-extract of B16 melanoma cells at 100 pg! 
ml (less than 10% inhibition). In contrast, kojic acid showed 
a strong inhibitory effect (90% inhibition) on tyrosinase 
activity at 100/ig/ml. This finding indicated that the 
depigmenting mechanism of these extracts involves the sup¬ 
pression of some pigmenting signals such as bFGF, 5 ET-1, 6 
and a-MSH 7 in stimulating melanogenesis, rather than the 
inhibition of tyrosinase activity. 

To inhibit tyrosinase activity, an inhibitor would have 
to penetrate both the melanocyte and the melanosomal 
membranes, because tyrosinase acts within organelles in 
melanocytes. Therefore, these four extracts [Fagus crenata 
(wood), Sapium sebiferum (bark and wood), Zelkova 
serrata (wood)] that did not reduce tyrosinase activity may 
be more effective as skin-whitening agents than as tyrosi¬ 
nase inhibitors. Recently, several melanin biosynthesis in¬ 
hibitors without the ability of tyrosinase inhibition have 
been reported. ’ Studies to separate the active compounds 
contained in these extracts are in progress. The isolation 
and structural elucidation of active constituents of these 
extracts will provide not only useful leads in the develop¬ 
ment of a skin-whitening agent but also ideas about other 
utilizations of woody plants. 
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